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A  THERMOCHEMICAL  GAS  ANALYZER  FOR  CONTINUOUS 
DETECTION  OP  OXYGEN 

G.  P.  Tsyplyatnlkov  and  V.  B.  Aleskovskly 

The  thermochemical  method  of  detecting  the  concentration  of 
oxygen  In  gases  Is,  as  is  well  known,  based  on  measuring  the  thermal 
effect  (temperature)  of  the  catalytic  oxidation  which  occurs  on  an 
active  catalyst  bathed  In  the  gas  to  be  analyzed.  In  doing  this, 
measuring  the  temperature  of  the  catalyst  Is  done  either  with  a 
thermocouple  Inserted  In  a  layer  of  the  catalyst  [1]  or  by  two  resist¬ 
ance  thermometers  connected  In  a  bridge  circuit  [2].  One  of  the 
thermometers  Is  placed  In  a  chamber  filled  with  the  catalyst  and  the 
other  a  compensating  one  —  In  a  chamber  with  an  Inactive  mass. 

The  Indicating  Instrument  Is  graded  In  percentages  of  oxygen. 

One  of  the  newest  and  most  perfect  automatic  Instruments  of  the 
Indicated  type  is  the  TKhG-5  gas  analyzer  [2,  5].  A  catalyst  working 
with  a  pre-heat  of  120-150°  Is  used  In  this  Instrument.  The  gas 
analyzer  has  a  scale  from  0  to  1.0^  Oz  and  Is  Intended  to  detect 
oxygen  In  electrolytic  hydrogen.  The  Instrument  uses  220  v  a-c  from 
a  voltage  regulator.  The  flow  rate  of  the  gas  to  be  analyzed  Is  1 
1/mln  at  a  pressure  of  0.4-1  atm  on  entering  the  instrument.  The 
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Instrument’s  time  constant  Is  2  minutes  with  an  error  of  +  10^  of  the 
itiaxlmum  scale  reading. 

In  research  on  flameless  bvirnlng  of  hydrogen  on  a  platinvim  and 
Iridium  platlnimi  thermocouple  done  by  the  authors  of  the  present 
article  [4],  they  concluded  that  It  would  be  possible  to  use  a  burner 
of  simple  construction  for  continuous  detection  of  oxygen  In  gaseous 
mixtures.  The  principle  of  the  b\irner*s  action  consists  In  the 
following;  by  virtue  of  a  catalytlcally  active  thermocouple  placed 
over  the  opening  of  a  tube  whence  a  stream  of  hydrogen  Issues  Into 
a  stream  of  gas  containing  oxygen,  spontaneous  flameless  Ignition  of 
the  hydrogen  Is  excited  and  In  this  process  the  electromotive  force 
originating  because  of  the  heat  of  the  reaction  Is  changed  propor¬ 
tionally  to  the  concentration  of  oxygen.  But  at  an  ordinary  tempera¬ 
ture  the  steady  flameless  burning  of  hydrogen  occurs  when  there  Is 
8-10^  oxygen  In  the  gas,  but  at  lower  concentrations  because  of  the 
decrease  In  the  quantity  of  heat  developed  during  combustion  It  becomes 
imsteady  and  ceases. 

The  present  work  is  devoted  to  studying  the  possibility  of  using 
flameless  combustion  of  hydrogen  on  a  catalytic  thermocouple  for  the 
continuous  measurement  of  concentrations  of  oxygen  less  than  10%  by 
carrying  out  the  process  at  an  Increased  temperature. 

Experimental  Section 

The  special  burner  shown  schematically  In  Fig.  1  was  constructed 
for  setting  up  the  pertinent  experiments. 

On  metallic  base  1  is  fixed  porcelain  column  2  bearing  ceramic 
drum  5*  In  grooves  In  the  drum  Is  placed  the  heating  coll  and  Its 
ends  led  out  through  Insxilator  9*  Throijgh  the  central  apertvire  In  the 
colimin  porcelain  tube  5  is  passed  to  deliver  hydrogen;  on  the  upper 
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end  of  the  tube  are  affixed  Insulators  6.  On  them  are  fastened  the 
wires  of  the  platinum  and  Iridium  platinum  thermocouple  whose  working 
Junction  7  Is  placed  2-3  mm  above  the  aperture  of  central  tube  5 
supplying  hydrogen.  Tube  5  of  diameter  of  2  mm  has  a  bore  of  0.5  nim. 
The  ’’cold"  Junctions  of  the  catalytic  thermocouple  are  led  out  for 
0.5  ram  from  tube  5  and  1  mm  below  Its  end.  The  arrangement  of  the 
cold  Junctions  at  a  sufficiently  short  distance  from  the  working 
Junction  ensures  Isothermal  conditions  for  all  three  Junctions  of 
the  catalytic  thermocouple  when  there  Is  no  flameless  combustion.  In 
addition  to  that,  when  hydrogen  Is  being  supplied  and  Is  burning 
flamelessly  on  the  working  Junction  a  similar  process  cannot  occur 
on  the  cold  Junctions,  since  diffusion  of  the  hydrogen  toward  them, 
i.e.,  counter  to  the  flow  of  gas.  Is  Inhibited. 

Leads  10  from  the  cold  Junctions  are  led  through  Insulators  11 
and  12.  On  a  level  with  the  Junctions  of  the  catalytic  thermocouple 
is  aligned  the  Junction  of  chromel-alumlnum  thermocouple  13  for  measur 
Ing  the  temperatwe  of  the  gas. 

The  gas  to  be  analyzed  Is  led  into  the  burner  through  tube  15 
passed  through  the  base  and  goes  out  of  the  burner  through  the  upper 
opening  In  glass  envelope  l6.  The  envelope  about  50  ml  In  volume  Is 
Joined  to  the  base  with  the  sealing  nut  I7  on  a  rubber  gasket  and  Is 
provided  with  asbestos  heat  Insulation  covered  on  the  outside  by  a 
sheet  metal  box.  The  platinum  and  Iridium  platinum  thermocouple  (10^ 
Irldlura  platinum)  of  0.18  mm  diameter  wires  was  activated  by  an 
earlier  described  method  [4]  under  conditions  of  flameless  hydrogen 
combustion  on  it. 

The  above  described  catalytic  thermocouple  setup  afforded  good 
leveling  of  the  temperature  of  Its  Jimctlons  and  guaranteed  an  emf 
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of  practically  zero  In  the  absence  of  combustion.  When  the  tempera¬ 
ture  of  the  gas  changed  in  the  20-400°  range  the  emf  did  not  exceed 
0.05  mv,  and  In  the  150-500°C  range  equalled  zero.  Testing  was  by 
measuring  the  emf  with  a  mllllvoltmeter  (class  0.5)  while  passing  air 
through  the  burner  with  a  velocity  of  500  ml/min  and  varying  the  tem¬ 
perature  of  the  gas  within  wide  limits. 


Pig.  1.  Diagram  of  burner.  1) 
base;  2)  porcelain  column;  3) 
ceramic  drum;  4)  heating  coll: 

5)  tube  supplying  hydrogen;  6) 
porcelain  Insulators;  7)  working 
Junction  of  the  platinum  and 
Iridium  platinum  thermocouple; 

8)  “cold"  Junctions  of  the 
platinum  and  iridl\mi  platlnm 
thermocouple;  9)  Insulator  of 
leads  from  heating  coll;  lO) 
leads  from  cold  Junctions;  11 
and  12)  Insulator  of  leads  from 
catalytic  thermocouple;  15) 
chrome 1-alumlnum  thermocouple; 

14)  Insulator;  15)  tube  for 
delivering  a  mixture  of  nitrogen 
and  oxygen;  l6)  glass  envelope; 
17)  sealing  nut;  18)  heat  Insula¬ 
tion;  19)  sheet  metal  box;  20) 
outlet  of  tube  supplying  hydro¬ 
gen. 


Plameless  hydrogen  combustion  on  the  activated  thermocouple 
occurred  spontaneously  at  a  gas  temperature  of  about  150°  and  above, 
because  of  the  oxygen  in  the  air,  simultaneous  with  starting  dellve^ry 
of  the  hydrogen.  At  unchanged  flow  rates  of  the  gases  and  tempera¬ 
ture  in  the  burner  the  emf  had  a  strictly  defined  valvie.  Study  of 
the  Influence  of  heating  the  gas  on  the  process  of  flameless  hydrogen 
combustion  showed  that  with  an  Increase  In  the  temperature  to  250-500°C 
steady  flameless  hydrogen  combustion  at  slight  oxygen  concentrations 
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(tenths  of  one  percent)  in  the  gas  was  observable.  The  below  described 
experiments  were  conducted  at  a  gas  temperature  in  the  burner  of 
270°C. 


Fig.  2.  Relationship  of  emf 
In  platinum  and  iridium  platinum 
thermocouple  to  hydrogen  flow 
rate  on  delivering  air  (20.85^  Os) 
to  the  burner. 


Fig.  5.  Relationship  of  emf  in 
platinum  and  iridium  platinum 
thermocouple  to  oxygen  content 
in  nitrogen  mixtiire.  Gas  tem¬ 
perature  in  the  burner  270°, 
air  flow  rate  500  ml/mln  at  20° 
at  hydrogen  flow  rate  of  1)  14. 
and  2)  11,0  ml/raln. 


The  hydrogen,  oxygen,  and  nitrogen  were  supplied  from  tanks  and 
their  flow  rates  were  measured  with  rheometers.  Tne  streams  of  nitro¬ 
gen  and  oxygen  were  directed  into  a  mixer,  from  which  they  entered  the 
burner.  The  oxygen  concentration  in  the  mlxtiu'e  was  determined  by 
volumetric  gaseous  analysis  on  a  VTI  apparatus.  The  samples  were 
taken  out  with  a  three-branched  pipe  attached  to  the  burner. 

In  order  to  determine  the  relatJ.onshlp  of  catalytic  thermocouple 
emf  to  the  oxygen  content  in  the  stream  of  gas  it  was  necessary  to 
secure  a  constant  supply  of  hydrogen  during  the  whole  experiment.  By 
using  hydrogen  from  a  tank  at  a  pressure  of  IOO-I50  atm  we  were  success¬ 
ful  in  regulating  the  flow  rate  of  the  hydrogen  by  the  rheometer  with 
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sufficient  accuracy  with  a  two-stage  reducer.  The  required  value  of 
the  hydrogen  flow  rate  was  selected  empirically.  Figure  2  shows  the 
empirically  found  relationship  of  catalytic  thermocouple  emf  to  the 
hydrogen  flow  rate  when  air  (20.8^  O2)  is  being  supplied  to  the  burner 
and  the  gas  temperature  therein  is  270°C.  Increasing  the  hydrogen 
flow  rate  to  I7.2  ml/mln  caused  the  hydrogen  to  burst  into  flames  in 
some  cases;  therefore  the  hydrogen  flow  rate  was  decreased  to  14.4 
ml/mln  in  order  to  derive  the  relationship  of  the  emf  to  the  oxygen 
concentration.  The  results  of  the  experiments  are  shown  in  Pig.  3 
(curve  1).  When  oxygen- containing  mlxtiares  with  a  concentration  of 
less  than  O2  were  delivered  to  the  burner,  flameless  combustion 
did  not  proceed  completely  steadily.  For  example,  after  plugging  the 
burner  with  nitrogen  free  from  oxygen,  when  a  mixture  of  O2  and 
99^  N  was  delivered,  flameless  hydrogen  combustion  on  the  thermocouple 
did  not  start  up,  which  was  ascertained  by  the  absence  of  an  emf,  l.e., 
the  Instrument  did  not  ••feel”  the  slight  concentrations  of  oxygen. 

This  was  explained  by  noting  that  the  assigned  hydrogen  flow  rate 
was  too  great  and  with  a  low  oxygen  concentration  In  the  gas  did  not 
provide  a  sufficient  influx  of  oxygen  to  the  surface  of  the  catalytic 
thermocouple,  for  this  influx  was  being  accomplished  by  diffusion  of 
the  oxygen  through  the  stream  of  hydrogen  bathing  the  working  junction 
of  the  thermocouple .  Therefore  the  flow  rate  of  the  hydrogen  was 
lowered  to  11  ml/mln.  In  this  case,  when  air  was  supplied  to  the 
burner  the  emf  amounted  to  7.5  mv.  For  the  given  hydrogen  flow  rate 
the  relationship  of  the  catalytic  thermocouple  emf  to  the  oxygen  con¬ 
tent  was  derived  (Fig.  curve  2) .  Steady  flameless  hydrogen  com¬ 
bustion  was  observed  at  oxygen  concentrations  of  20.8  to  tenths  of 
a  percent  (by  volimie).  The  graph  shows  that  at  this  hydrogen  flow 
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rate  the  greatest  sensitivity  of  the  thermocouple  to  a  change  In  the 
oxygen  concentration  was  observed  In  oxygen  content  In  the  gas  of  up 
to  6%.  A  change  In  the  emf  of  approximately  0.9  niv  corresponded  to 
a  change  In  the  oxygen  concentration  of  1^.  At  oxygen  concentrations 
from  6  to  10^  the  change  In  the  emf  for  each  Vj(>  Oz  amounted  to  about 
0.5-0. 4  mv. 

When  nitrogen- oxygen  mixtures  with  higher  oxygen  content  were 
passed  through) the  following  became  clear.  With  a  hydrogen  flow  rate 
of  14.4  ml/mln  and  an  oxygen  content  of  20.8^  In  the  gaseous  mixture 
the  catalytic  thermocouple  emf  reaches  9.1  mv.  Delivery  of  mlxttires 
enriched  to  4o^  Og  caused  bursting  Into  flames,  l.e.,  volumetric  con¬ 
version  of  the  reaction.  But  at  a  hydrogen  flow  rate  of  11  ml/mln 
an  emf  of  7.5  mv  corresponded  to  a  20.8^  O2  concentration  and  raising 
the  oxygen  content  In  the  mixture  right  up  to  95^  (by  volume)  did  not 
cause  the  hydrogen  to  burst  Into  flame.  But  when  the  oxygen  concen¬ 
tration  was  raised  above  21^  no  Increase  In  the  emf  was  observed  at 
the  prescribed  hydrogen  flow  rate,  which  Indicated  an  Insufficient 
Influx  of  hydrogen  to  the  jxanctlon  of  the  catalytic  thermocouple. 

Thus,  the  hydrogen  flow  rate  Is  an  Important  factor,  on  which  the 
sensitivity  and  accuracy  of  detection  of  the  oxygen  concentration  by 
the  emf  of  the  catalytic  thermocouple  depends. 

On  studying  the  relationship  of  the  value  of  the  emf  of  the 
platlnvim  and  Iridium  platinum  thermocouple  to  the  temperature  of  the 
gas  medium  In  the  buhner  It  was  ascertained  that  In  lanchanged  flow 
rates  of  hydrogen  and  oxygen- containing  gas  measured  at  20°C  and  con¬ 
stant  concentration  of  oxygen  In  the  mixture,  a  certain  decrease  In 
the  emf  takes  place  with  the  rise  In  temperature.  The  reduction  In 
the  Incandescence  of  the  working  junction  of  the  catalytic  thermocouple 
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may  be  observed  visually. 
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The  observed  effect  of  gas  tem¬ 
perature  on  the  Intensity  of  flame¬ 
less  combustion  and  on  the  value 
of  the  emf  of  the  catalytic  thermo¬ 
couple  Is  possibly  caused  by  the 


Fig.  4.  Relationship  of  emf  change  In  the  velocities  of  flow 
of  platinum  and  Irldlxmi  platinum 

thermocouple  to  temperature  of  of  the  hydrogen  and  oxygen-con¬ 
gas  In  burner.  Hydrogen  flow 

rate  l4.4  ml/mln,  air  flow  rate  talnlng  mixture,  or  Is  connected 
(20,8^  Os)  300  ml/mln. 

with  partial  volvimetrlc  conversion 


of  the  reaction. 

A  working  device  as  a  model  of  an  automatic  gas-analyzer  for 
oxygen  was  built  and  tested  on  the  basis  of  the  experimental  data. 

The  meter  of  the  gas  analyzer  Is  schematically  represented  In 
Fig.  5.  In  order  to  curtail  heat  losses  the  meter  Is  enclosed  In  a 
glass  envelope  made  like  a  Dewar  flask  and  hermetically  sealed  to  Its 
base.  At  a  constant  flow  rate  of  gas  containing  oxygen  entering  via 
tube  10,  and  at  a  prescribed  flow  rate  of  hydrogen  entering  through 
tube  8  with  the  temperature  of  the  gaseous  medium  In  the  element  at 
250-300°C  there  appears  steady  flameless  hydrogen  combustlctn  on  the 
working  Jxonctlon  of  the  catalytlcally  active  platinum  and  Irldlvun 
platlnvim  thermocouple  fixed  2-3  from  the  end  of  tube  8,  and  In  this 
process  the  emf  of  the  thermocouple  Is  proportional  to  the  oxygen 
concentration  In  the  gaseous  mixture.  The  cold  Junctions  of  the 
catalytic  thermocouple  are  made  of  0.15  nrai  wire  located  2-3  mm  below 
the  end  of  the  tube  from  which  the  hydrogen  comes,  so  that  when  there 
Is  no  combustion  they  have  the  same  temperature  as  the  working  Junction 
and  the  emf  equals  zero.  Therefore  the  emf  which  appears  In  flameless 
hydrogen  combustion  as  a  result  of  Increasing  the  Junction  temperature 
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because  of  the  heat  of  chemical  reaction  under  constant  conditions 
depends  only  on  the  oxygen  concentration. 


Pig.  5.  Meter  of  the  gas  ana¬ 
lyzer.  1)  base;  2)  sealing  nut; 
5)  sealing  gasket;  4)  envelope 
with  double  walls  with  vacuum 
between  them;  5)  chrome 1-alumlnum 
thermocouple;  6)  cold  Junctions 
of  platinum  and  Irldlxm  platinum 
thermocouple;  7)  working  Junction 
of  platinum  and  Iridium  platinum 
thermocouple;  8)  tube  for  supply¬ 
ing  hydrogen;  9)  heating  coll; 
loj  tubes  for  supplying  and 
exhausting  gas  from  the  element. 


Pig.  6.  Over-all  diagram  of 
setup  for  continuous  detection 
of  oxygen  concentration  In  gas. 

1)  meter;  2)  chrome 1-alumlnum 
thermocouple;  5)  tube  for  deliv¬ 
ery  of  hydrogen;  4)  Junction  of 
platlnvim  and  Iridium  platinum 
thermocouple;  5)  tube  for  deliv¬ 
ery  of  gas  to  be  analyzed;  6) 
gas  exhaust  tube;  7)  gas  flow 
regulator;  8)  valve  for  Initiat¬ 
ing  delivery  of  air  or  gas  to  be 
analyzed;  9)  gas  blower;  lo) 
hydrogen  tank;'  11)  reducer;  12) 
heating  coll  switch;  I5)  three- 
pole  switch;  14)  Indicating 
device  (mlllivoltmeter) ;  I5)  con¬ 
stant  resistance  of  manganln  wire. 


Plgure  6  shows  the  laboratory  setup  for  continuous  detection  of 
the  oxygen  content  of  a  gas.  The  meter,  the  Indicating  device,  and 
the  electrical  control  system  are  assembled  In  a  500  x  I80  x  60  mm 
wooden  cabinet.  Plgure  7  shows  its  exterior  view  with  controls.  The 


-9 


feed  of  the  heating  coll  of  the 
element  Is  d-c  with  a  voltage  of 
about  ;50.  The  heating  current  was 
checked  In  its  voltage  drop  across 
resistance  15  (Fig.  6)  with  Indica¬ 
tor  (a  mllllvoltmeter  of  12  mv) 
with  Its  dial  marked  In  volts. 
Alternating  cvirrent  Is  also  suitable 
^)\oay  of  =“PPlylng  the  device;  In  that 

hSIief»f“„dloa«S|‘d^ll7e^^“^--  ^  tranefon^r  and  a».ten 

(mllllvoltmeter  of  12  my);  5)  getun  Is  necessarv  in  addition 
heating  coil  contacts;  6;  knob  necessary  in  addition. 

gas  to  be  analyzed  was  delivered 
to  measure  the  voltage  on  the  ° 

heating  coll,  temperat^e  of  ^  current  through 

gas  In  the  element,  and  oxygen  ®  axi.  i/iu. 

h  diaphragm  flow  regulator.  Hydro- 
gen  was  delivered  from  a  small  tank 
of  1  ^  capacity;  Its  flow  rate  was  regulated  by  a  two-step  reducer. 

When  the  device  is  activated  air  is  first  delivered  (air  blower 
turner  on)  and  the  heating  coll  Is  turned  on  with  handle  5  (Fig.  7) 
while  the  rheostat  has  been  turned  off  by  knob  7.  Switch  6  Is  put 
on  "temperature”  and  the  Indicating  device  Is  connected  with  the 
chromel-alumlnum  thermocouple  and  its  needle  moves  to  the  right  as 
the  temperature  of  the  gas  in  the  meter  rises.  When  the  needle  gets 
to  the  check  mark  "T"  the  working  temperature  of  270°  has  been  reached. 
After  this,  switch  6  Is  put  on  "feed"  and  the  voltage  drop  across  the 
coll  Is  checked  with  the  indicating  device.  By  turning  knob  7  of  the 
rheostat  the  needle  becomes  fixed  at  the  known  working  mark  on  the 
voltage  scale.  After  regulating  thermocouple  Incandescence,  switch  6 
is  put  on  "measure"  and  the  needle  of  the  indicator  returns  to  the 
zero  mark  on  the  scale. 
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Hydrogen  Is  then  delivered  to  the  device  by  turning  the  handle 
of  the  reducer  on  the  hydrogen  tank.  In  doing  this  flameless  hydrogen 

combustion  Is  Initiated  on  the  catalytic  thermocouple  and  the  needle 
of  the  Indicator  begins  to  move  to  the  right.  By  regulating  the  supply 
of  hydrogen  the  need  Is  fixed  at  the  check  mark  "HS”.  The  hydrogen 
flow  rate  In  this  process  corresponds  to  that  prescribed  at  the  scale 
marking.  After  regulating  the  hydrogen  flow  rate  a  turn  of  the  valve 
on  the  gas  lead  switches  from  air  to  the  gas  to  be  analyzed  and  the 
Indicator  needle  shows  the  percentage  of  oxygen  In  the  gas.  When  the 
device  Is  functioning,  periodic  checks  of  the  gas  temperature  In  the 
meter  and  regulation  of  the  coil-heat  are  required,  as  was  demonstrated 
above.  The  flow  rate  of  the  hydrogen  Is  also  periodically  checked 
and  regulated  by  delivering  air  to  the  device  Instead  of  the  gas  to 
be  analyzed,  and  In  doing  this  the  Indicator  needle  mvist  stop  on  the 
check  mark  HS. 

Mixtures  of  nitrogen  and  oxygen  with  a  content  of  less  than  10^ 

©2  were  obtained  by  dispensing  nitrogen  from  the  compression  tank  with 
a  rheometer  Into  the  air  stream  delivered  by  the  blower.  Along  with 
recording  the  readings  of  the  Indicator,  gas  samples  are  bled  off 
through  the  three-branched  pipe  for  analysis  on  the  VTI  apparatus. 

We  may  see  from  the  graphs  In  Pig,  8  that  steady  flameless  hydro¬ 
gen  combustion  at  a  concentration  of  1.8^  O2  began  when  hydrogen  was 
delivered  with  a  velocity  of  1,5  ml/mln  (point  B  on  curve  1).  An 
Increase  In  the  hydrogen  supply  at  first  caused  an  Increase  In  the  emf 
of  the  catalytic  thermocouple  to  a  certain  maximum  value,  and  then  a 
decrease.  The  maxlmvun  value  of  the  emf  attained  by  changing  the 
hydrogen  flow  rate  at  various  concentrations  of  oxygen  was  the  larger, 
the  higher  the  concentration  of  oxygen  In  the  gas  entering  the  meter. 
With  an  oxygen  content  of  1.8^,  Increasing  the  hydrogen  flow  rate  above 
15  ml/mln  led  to  cessation  of  flameless  combustion  on  the  thermocouple 
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(treak  In  the  curve  at  point  C) .  This  Indicated  that  when  the  hydro¬ 
gen  flow  rate  Is  Increased  the  access  of  oxygen  to  the  surface  of  the 
catalytic  thermocouple  Is  Inhibited. 

The  optimum  hydrogen  flow  rate  Is  defined  by  the  graphs  of  the 
relationship  of  catalytic  thermocouple  emf  to  hydrogen  flow  rate  at 
various  oxygen  concentrations  In  the  gas;  and  perhaps  the  millivolt- 
meter  scale  Is  graduated  according  to  the  oxygen  under  the  given  con¬ 
ditions.  Thus,  from  a  comparison  of  the  curves  In  Fig.  8  It  Is  evident 
that  It  Is  possible  to  measure  oxygen  concentration  up  to  10^  by 
assigning  a  hydrogen  flow  rate  of  not  less  than  2-3  ml/mln  and  not 
more  than  15  ml/mln.  The  nature  of  the  dependence  of  thermocouple  emf 
on  oxygen  content  In  the  mixture  becomes  clear  when  graphs  are  con¬ 
structed  for  this  dependence  for  several  prescribed  hydrogen  flow 
rates,  as  Is  shown  In  Fig.  9.  The  pertinent  emf  values  are  taken,  from 
the  graphs  In  Fig.  8.  One  of  the  derived  curves  corresponding  to  a 
definite  hydrogen  flow  rate  may  be  used  as  a  calibration  curve  for 
constructing  the  scale  of  the  mllll voltmeter  Indicator. 


Fig.  8.  Relationship  of  emf  of 
platinum  and  Iridium  platinum 
thermocouple  to  hydrogen  flow 
rate.  (Gas  temperatijre  In  the 
meter,  270°C;  gas  flow  rate, 

300  ml/mln  at  19°) .  Oxygen 
content  In  mixture:  1)  1.8$^; 

2)  5.0^;  5)  10.0^. 
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The  magnitude  of  the  flow  rate 


of  the  gas  to  be  analyzed  may  be 
set  within  rather  broad  limits, 
beginning  with  50-50  ml/mln.  To 
secure  a  sufficiently  rapid  gas 
exchange  in  the  element,  which  is 
reflected  in  the  time  the  device 
takes  to  react  when  measuring  the 
oxygen  concentration  in  the  gas 
stream,  it  is  expedient  to  have  a 
somewhat  larger  flow  rate  of  gas 
analyzed,  on  the  order  of  200-500  ml/mln.  Table  1  shows  the  effect 
of  the  magnitude  of  the  flow  rate  of  the  gas  to  be  analyzed  on  the 
emf  of  the  catalytic  thermocouple.  With  2^  Oz  in  the  gas  an  Increase 
in  the  flow  rate  caused  a  certain  Increase  in  the  emf,  which  should 
be  explained  by  the  presence  of  excess  hydrogen  in  relation  to  the 
quantity  of  oxygen  reaching  the  surface  of  the  working  Junction  of 
the  thermocouple,  whereas  a  decrease  in  the  emf  observed  when  the 
flow  rate  is  Increased  and  contains  20. 0^  is  caused  by  limited 
combustion  because  of  the  diffusion  of  the  hydrogen,  the  amount  of 
which  under  these  conditions  obviously  limits  the  combustion  rate  and 
the  heating  of  the  catalytic  thermocouple. 

It  was  also  ascertained  that  in  great  changes  in  gas  flow  rate 
its  temperature  in  the  meter  also  changes  somewhat,  notwithstanding 
the  steadiness  of  the  heating  current.  But,  as  the  data  in  Table  2 
show,  this  effect  is  insignificant. 

The  satisfactory  stability  of  the  gas  stream  rendering  the  above 
indicated  flow-rate  fluctuation  effect  ln?)alpable,  is  secured  by  the 


Fig.  9.  Relationship  of  cata¬ 
lytic  thermocouple  emf  to 
oxygen  concentration  in  gas. 
Hydrogen  flow  rate  ml/mln: 
i;  5j  2)  10 j  5)  15. 
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diaphragm  flow  regulator  developed  In  our  laboratory.  The  principle 
of  action  of  this  regulator  Is  similar  to  the  one  described  In  the 
literature  [5], 


TABLE  1  TABLE  2 


Relationship  of  emf  of  Platlnvim 
and  Iridium  Platinum  Thermo¬ 
couple  to  Plow  Rate  of  Gas  to 
be  Analyzed.  (Temper atvire  of 
Gas  In  the  Element.  257°;  Hydro¬ 
gen  Plow  Rate,  14.4  ml/min.; 


Flow  rate  of  analyzod 
gM  at  20^C,  b1/d1j>. 

SC  of  eatalytla  thunM- 
oouple,  mr. 

On  dellvartng  a  gasaoua  nlxtura  aoirtalnlng  2»0)l  Oj 

200 

ia5 

220 

1.30 

2S0 

1«45 

280 

las 

300 

1*73 

400 

1*75 

On  dellvartng  ali 

20.8)(02 

165 

9*70 

240 

9«50 

300 

9«30 

350 

9as 

Relationship  of  Gas  (air)  in 
Element  to  Its  Plow  Rate  When 
Heating  Current  Is  Constant 
(0.85  amp,  25  v)  and  to  the 
Absence  of  Hydrogen  and  Plame 
less  Comb\istlon. 


Pliliiil 

n 

180 

300 

Gaa  twq>arat«ira  in 
Mtar»  "C 

270 

257 

250 

TABLE  5 

Relationship  of  Gas  Temperature  In  Burner  to  Voltage 
of  Heating  Current.  (Gas  Plow  Rate,  500  ml/mln.) 


Wiltaga,  y 

B 

13 

m 

22 

23 

25 

26*8 

29*5 

Qaa  tai|>arat«ra, 

20 

170 

237 

257 

270 

292 

811 

350 

When  determining  the  oxygen  concentration  in  an  oxygei>-nitrogen 
mlxt^Jre  when  the  oxygen  content  was  changed  within  the  limits  from 
1  to  10^  and  back  by  admlxtvire  of  oxygen  in  the  nitrogen  stream,  the 
error  In  the  Instrument »s  readings,  determined  by  parallel  analysis 
of  san5)les  on  a  VTI  apparatus  with  +0.1$^  accuracy,  amounted  to 
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+  0,5-0. 5^.  On  the  Instrument » a  scale  marked  off  from  0  to  10^  Os 
this  corresponds  to  5^  of  the  maximum  scale  reading. 

The  limiting  concentration  which  enables  us  to  observe  a  dis¬ 
placement  of  the  Instrument *s  needle  by  1  mm  [sic]  was  approximately 
0,2^.  The  calibrated  hydrogen  flow  rate  was  8  ml/min,  the  analyzed 
gas  flow  rate  was  500  ml/min.  It  took  5-10  min.  to  get  the  device 
operational.  The  device  reacted  to  a  change  In  the  oxygen  content  of 
the  analyzed  gas  after  approximately  20  seconds,  counting  from  the 
moment  of  switching  on  the  appropriate  dispensing  valve. 

Among  the  merits  of  the  described  method  of  detecting  oxygen 
must  be  reckoned  the  relative  sliT5)liclty  of  the  unit  and  the  feasibil¬ 
ity  of  creating  an  Instrument  for  automatically  measuring  the  concen¬ 
tration  of  oxygen  over  a  rather  wide  range  of  concentrations  with 
svifflclent  accuracy  of  neastirement  and  rapidity  of  reaction. 

The  demonstrated  feasibility  of  constructing  a  meter  capable  of 
functioning  In  a  gaseous  medium  at  temperatures  above  200°  also  Is 
of  practical  Interest, 

When  evaluating  the  possibilities  of  the  described  method  we 
should  emphasize  that  a  change  in  emf  corresponding  to  Os  In 
mixture  Is  sufficiently  large  (0.4-0. 9  mv)  and  the  emf  can  be  measured 
with  great  accuracy.  However  the  sensitivity  and  accuracy  of  measure¬ 
ment  of  small  concentrations  of  oxygen  by  the  given  method  Is  determined 
by  the  structural  features  of  the  meter  and  careful  "tuning”  of  it, 
and  also  by  the  accixcacy  in  dispensing  the  hydrogen  and  its  steady 
flow  rate.  There  Is  reason  to  assume  that  the  Indicated  method  may 
permit  the  obtaining  of  sensitivity  and  accuracy  higher  than  those  we 
observed  In  the  described  model. 

The  method  Is  applicable  for  detecting  oxygen  In  mixtures  with 
Incombustible  gases  and  vapors,  but  perhaps  modified;  and  applicable 
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to  the  detection  of  oxygen  In  some  Inflammable  gases  without  using 
hydrogen. 


Conclusions 

1.  A  working  model  of  a  thermochemical  gas  analyzer  for  con- 
tlnuovis  detection  of  oxygen  In  gaseovis  mixtures  containing  up  to  10^ 

Ojg  has  been  constructed  and  tested  under  laboratory  conditions.  The 
action  of  the  gas  analyzer  Is  based  on  using  the  relationship  of  the 
emf  of  a  platinum  and  Iridium  platinum  thermocouple,  on  which  flame¬ 
less  hydrogen  combvistlon  occurs  at  a  temperature  In  the  gaseous  medium 
of  250-300°  becaiise  of  the  oxygen  In  the  gas  to  be  analyzed  to  the 
oxygen  concentration. 

2.  The  research  data  may  be  used  for  developing  an  automatic 
gas  analyzer  for  continuous  detection  of  oxygen  directly  In  a  stream 
of  hot  gas. 
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